(paikch@deu.ac.kr)

H(hkim@ks.ac.kr)

1

o
o

LN PP B

it
H

o

al

A

.]

t}FAE 2 OFDM 3y FA

4%

ol

QITE{ UIn] 2 Y 2 F 83} (chungyj@pufs.ac.kr)

3}
of

g

* 7

Kk

Resource Allocation for Multiuser OFDM Systems
Abstract

o))

<
=0

H

OFDMA
71 €]

Hdol=

F-5kE 3l (subcarrier) 2
gl

ksl (subcarrier)
Al =~ES

e}

A8 OFDM

1 o]

T

=l

s

[e)

Z

] o 3}

=

o

=

A4 (Throughput)

#k<l 2]

7} ¥ 2 (Adaptive

T

s

A

o =n

3

gt

al

oy

0

e

el 71

L
o

A

=i
Rl

°]

ol

oy

[0

FAE

T
pud

-

%

d

O

23]

a

Ao A

LN

=

= A

7

N

3}

&

Aot &

L
R

A 7-2 (Duality Gap)e] 0]+

Subgradient

+od

S

vheto 2

ofp
el

-

EAS 7}z OFDM A ~Elof A

ki

.
i, AH(power) T AFdolEHF? 5o &

|

o

# 2 8}(Dual Optimization) 7]

=

78

W

o™ ARl
3 A (fairness),

[}

=4

[}

A7} OFDM Al Z~Elo| A 2] 2}
ojuf Ap&AFZF

Division

Frequency

3=
ADSL
Al ~E 8 ol g} 9}o] B 2 (Wireless Broadband,

k<]
[e]

L

=2 A

OFDM(Orthogonal
Multiplexing)

1 o]
w74



EES

oyt AREAPE  HFdolE
BER(Bit Error Rate) 5] AF&2F @919 & FALg
g EXo] sz Eojof gt}

A& deolHZEFe A=l

He 2ags Jes

F3%7] wjEo] OFDM Al&"oA ATy &

g8 #A-hE gy A7 IA s 7 b
| EofR FiEET
® Marginal Adaptive(MA) Al : 5743 do]H

AEEEE Hao

A e AR s

R RE AEL

l

ASL8LI111,[12], 2.5
Yt
@ Rate Adaptive(RA) A4 : 43 AgE& 71~
L Hoje] dlo]E
A [21131,[71.191[10], &7
syt [16]

SER SRR

A5EEE FARAA S

A zelol] SbA], Al A 'l o A
9] 274 gl dig A7k o
(18],
o 5, 9
N te Qi 5o

AR&AF7E Al o] S (channel  gain)©]
FukEas AREE o,
=
A=)

o Hee

Tl

el of

=
A= water-filling &a2]ES A3t 245
7boaE = e

filling 4~ convex programming A2

AAZ, HAs] water-

2} 12X 9t 547 (Lagrangean multiplier)”7} T}, 5

3, @l AFEA RATAY % th(dual) #4171 vl
2 o Ahgx MAF-Aol7] W&o, MAFE-AY

At

S EEICRIE

4

Bl
ot
>

L

OFDME A} g3= FA
Mol Fukgst 24l
7F o EAETE Ae] 7]
Fe= e Aolth ofrjd, A
Aah, zt ARgApeh - Aol 5
gain)o] TFE 1 ALgxlel] wEl 9 HlolE HF
TwE = Aol HZo|t2]6][11].

AN A28

EPHl
M-S

1:0
ol
rir
S
>
ofo
D)

o

i

Y
L
>
juii)

ot

o
A

o
Bl

3

o
ffl

Elacsh (channel

= 913 OFDM

S3 Ztl C.Y. Wong et al[ll]S 7]& water-
S 283t
OFDMA| Z=8lol| A ozt a8
LA Ystaih
A& Frkste] gaw

filling #AS OFDM A]Z:El|

]
Z]
AE vES] g3k Az

2| et 23}7] W (Lagrangean

Relaxation)S AF8-3ke] F7 e oigk shgha
ksl &g ek BRkear g vigoe
2 HE 9 A493Fs Fdst= FE2g 7

S A AE) L Kim et al. 28! 3= 9EL
F PFUTH17]1E AFEARe] %
< gt RATAS

S
=

#AE =Ysta 3l A4 Z 2 Y Y (integer
programming) A2 W33le] 7o o] EAS
EAgt o] 5EAS wEoR FAE st
Ao zx Hurgsr 93 HEIST AR

7} ApgAel Al 2

st A 3 (Resource



Allocation)™} A &Fo| A 3k Futsu}o]
of wie} AA FurEuE et FRkda @

4

FE- Al (Subcarrier Allocation)2 w3+5}o] % 3k},

=y

oAl W siewr A= B4
H} water-filling®] -&-871H<S A8t At

RAEA] gk 71& A= &3 Zo] aod
t}. J. Jang et al[3] & G. Li et al.[16]= Futy)
o] AFEES HAdststrl SsiA =
9 AEAol Al FurgatE g

of g8 olE¥ozr THEtl. Z. Shen et

Aol 5ol

:d

al.[10]3} C. Mohanram et al.[15]2 7]& RATA
of AR&ARZE dlolE] dEFe] gk v &l
gk AR S FUMo =N ALEATE Aol &
o] A (fairness) NFS LY3ATH G. Li et
al[7]S ti7]o] &5 #&ate] Ab&Ae] QA
S WH overflowel 93 dolE 7] (outage)dt
2 AAsA. #le] A7 Fole o At
7] outage &TAMES wESSHAA dlolE A
$HS Adigtsle EAE BT 9

RATA] gk 7]Ee] A55S AHEA o+

QoS(elE B HFdolgH&)S wrgstA &3t

S

B AT 99 2o 7)E RATE AFEo)
A BARES wgdtel woh dusy 2Y
& AN F AgAel dF 20 L AE

T

Zb8 HlolH A E o] gk Aok
Al2=El 9] do] E] A 4% (Throughput) & % o) 3}8} =
TAE oidew ghrh w3k, EAlY diow

Subgradient #3 o) 3 ¥H(Dual Optimization)S A}-8-%

0
fon
N
o
o
P
x
0t
o
I
W
o)
ton
i
HO

omn g Az FYL BAS
Az ARSIt AEHA Fol wE Ahg
Aol ol WA W Az BEH] wE A
Al Mgt AFHow AgH AL @

g HiAYEE Ar

2. TA A9
2.1 HH3} A
3= OFDM FAHE74S AbgsteE

g LAY A|AElo| A AFLAH @ FAMES

N

A am el ek Alekstel A,

R
2
>
N
i
lo

] o] B 1 % %(Total Throughput)s # tslsl= 7}
ARgALel gk FRbEake] dE g

A2 R ste

oft

N K P,n 'g )
maxZZlogz[lJr"az—rk"]
s.t. ZZ P, <P,

P, 8 _
Z,logz(Hz—FJz R ,Vk=1..K

ol
P 20 Vk=l.,K,n=1,.,N
o714
kE{l,z,...,K} : AFEA AEl

nefl2, N .=
Cin: A kS
(channel gain)

P, AR ko dlelHE HEsty] Slste]

g
flact N e

FukEa pol dE A9
I : A8A koA 845 BER & W=
7] 95t Ha sk A5 uidS-H(signal to noise

ratio; SNR)



SHA B8 /St=2E PSS 2006 EHSSS=U 3
0% : %E(noise power)
A HA AFAe AA AERAHE Zo ois

zola T Al Ao

2.2 Sa#A|t B hEA] (Lagrangean Dual
Problem)

A (P)e A WAt 7 HA Aok S et

2F A Qe thE o] AojEth

RP(Ay,1)

Pk,n “Ekon J

—max Z log,| 1+
n=lk=1 2[ O'2Fk

N K
TAGior = 2 2 B )

—1k=1

s.t. Pk,n >0 Vk,n

A7 (4,,0) = (4, 4,504, ) & B2 %
s 4 = w99
A kel{l,..K} = A4 k9 aF
EF R 2 ¥t AFHE HET Fol&E
9o fHE.
A (P)Y &l T Al(Dual Problem)® T 7
o] et
o min RP(4,,})

st (Ag,2) >0
A 1 A @)°] A (duality gap) 00]
o S, @9 HHs =4 @t (Dp)e] HA
afet.

A Ao

A
A%

a3 SAET @ w2

i

(T)

<3y 1>olAek ol (Ay,A") & Wstel whet

water—-level2 dl€zlom Walm o]o ula)
LR (g2) o 274
P (29-}) =argmax RP(4,,h) = %70

Pk

= w1319 e 1ol wiek e Aozt
AL ool m

RP(4,,)) 8 =435 Aestd &3 gk

ii[(nﬁ )10g2(1+Pkn gk,,)

0 kn
n=1 k=1
K
_Z/lkRk + ;{’Oj)mt
k=1
o71A A WA 2 FRkEak po] AREAR kel

E
=
oz
[«0
o

e
=
FO
O
=)
S
o
o

RPMWM%T

#
Seh 2 Al kst

2
o,
M
2,
fru
r_{

S

2
=
ot
i

qa9e (1+g, /o)™ 13 2 Ag

b k(n) ol &st= Aol mgh, Zb Huk
glo] Fox= AL 29 FAHE  water-
filling WA 2 o3 AAE)
ol 1+4
+ Benyn =( A L n=1,..,N
In2
gk(n)n
) +
k k _
Peimon = - =1,.,N (2)
e &y
olE EAgetH vy ¥ T P

I+ 2y 1
water Ao In2
level
Pen,
i
Ek(nyn
subcarrier n (=1,..., N)

<29 1> 4% water—filling A2



=
water-filling Ao A= AFEAPE R A

water level S 74 Al F T}

By
ERLlace

HAtelm 7+
Ho ALE-2F k9] water leveloll 28] AAE T}

oA gdH= A

water level
of user k&
a+4) 1
A In2
By
o’T,
8k

)

subcarrier n (user kOl & &
<y 2> EA AFEAFTA Y] A4 E water—

filling

2.3. Subgradient ] 7]
A 10142 o]ZH<Q AI|E nigor 2
A A g AUEAd U3 E
RP(Ay,A) & ®
2 subgradients &3+

He Aeddd. =, ddd
pa

subgradient 2 th7]

T (A, M) = Tt

= A +s 1(210g2(1+ Pl

n=1

k=1,.,K

e :(%+ zzpk,,)J

n=1 k=1

gkn) R)j

€)

Subgradient dl7|®Ho] Fdst= A= Al

Wape] 2712 (A9,A0) & Faka A (2)o w
& 271 Agdd (P2} & Tt 2 (3ol w
g A ZE AR (A4),A) & e S,
2 (29 & wE FPForn HH]

oA .

3. AlEEA 7 R AF3EAEY
3.1 Addely R AHEH

o A AAAE f% A= Fu|E
System parameter Channel gain
ARk 1km path loss  [Okumura-
Hata
IN 100 7Y shadowing [Lognormal
K 109 fast fading |[Jakes’
model
P_MAX 30
R[k] U[15,20]

Geld AEAYS Axsel: A9 A T
S ol AHgA ko £EAH tE el
v,

< ki i
s.t. ;10g2(1+ T JZRk
F,20Vn
& Aol uigk dl= IRbAQl water-filling €al
dze Asdw TR 5 gen, A7

Lagrangean multiplier /11( o] z718l( /12 >0)H)=
HA gt

AgAE 2o
of wjste] saiAl =
@ gl A}



FHAFRI B EHE| /St =2 eS| 2006 EHESS 23 =28

HAE oA =E 2 5 9l %
35 A
N
B 8 % e ——————————
max 3" S log, | 1+ e S .
2 0 \/
n=1 k=1 T2
N K 15
10
s.t. zz})k,n S})tot 5
n=1 k=1 0 S S S S
1 " 21 31 4 51 61 i 81 91 101 111 121 128
IDk n 2 0 Vk,l’l iteration
9l FAel digt HASE water-filling ¢iLE]F <1¥ 4> A FHIE= A
g Ealel TaE & dem, HAHde

Lagrangean multiplier® A, Z7]sl(AQ>0)= A 33 538 AYEI
Q. 2 Q7 A pel Aushes

rir
2

®  ~%®137|(Step Size) S’ o] 7} B AA|, FARA Wy 5 A
28137 Subgradient o] FHEEE AR of A3 dFS mAE FAFWst #H g5}
e TRY 94RA B dAFolAE square = 3 AdEG A8 dvkE Aol
summable but not summable s! =a/(b+[)& 4§ Z Q¢ e AWM BAPS o FHAY
N g Mg ALy ALt Zol o w
o o #7h waes] oldel AR A B
Z(s1)2<oo, Zslzoo ] ]
= = o Hed Ane AZ FAT F Y= I
o714 B AFeME a=1, b= = AAs  ozZM ANES Zola FTAHAEY AlxEe
of Agdth s & ARz £ wARE AL FARY eeHeRE 244 5 9
[14]. =
o FHIT 7IFE ® ApgA F7}
Feel AEe AUNE (A,00) o Wsge]l  Aze AgAV} FrhEoma B A JE
0.1%% 2334 g Aow Adad, AFsh AR AL AgAY Fh mE A
o A A, FARA ] sl 5 HA sl AR AT
TR e U] | A adusel Ass 54 44wy
; of 48 5 Arke AdlTh =, fsh e @
m RN
RN A Ausst BARE o FAAART e A
E3
E S~ 3 Agatt Aol ojuzh W As)
< — : —
T ool THAA HAA BAMsIl HL@ A
71 81 91 101 111 121 128
teration 2 2 FEHY & dxs ForA ALNFS

< 3> A8 AsuelE g FESHE B Felm FHAHY Az A TR

F7he AHgAe 4

uf
(AL, k=K+1L.,K+M)s 002 A3}



S WoluA Tl Fdete WHE AUA 8
o & A7elAE F7kE AgA @ A o

F gl U@ A48 2718 d4%e

24 FEAEEE A

A R el ARSAre] i AL
Ao VA= oA E o Ag|ete] A= o
ORI go]l AFA mEAAE Bk @4
o7 AgAe A Fa] o@A | A
s Eote] F28 5 vk

<ad 5> FHEAAHAA A, ok A 87

A
=

ro
M
m o

ol e} Yo FrbE Abgrel F7)
B ALEAS AWM A, ) 2AAE ALEAY

71A = 3ke] Al (dy )l BlEsAl A g

A=A +(d, —d )%

(Ao = A,

max min max

_dkmin)
k™ = argmin{d, }, k™ =argmax{d,}
Aol g s A4 o M2 @2 7S

gl QA A, 9 Fol A b A8AE
A, 9 gre) gl wElsiA Al

o

2 S7He
2}

new 4, = (1+ sum of added users' 4,

)xold 4,
sum of all users' 4,

o A7 2t

_sum of deleted users' A

Y oldA,

new/, = (1
sum of all users' 4,

X+ shadow fading™} fast fadingS T4
Axste] RAERA WS gt Ao

pul

oA iterationol|A9] FUHHIFHS

—— AREXH = ALBXI2 ALERL3 ALEXH4
= ALEXIS - ALBAI6 —— AFBAL7 — ALEXL8
AFE AR AFEAHO ARERHA AFEXH2
20
O
o 15 =
o
© 10
E Se—
05
&l Y \
0 == r #’f"w—’*rﬁ—ﬁk/lf\'—/i\ -
,\\ ‘b\ (o’\ ,\’\ Q)\ \,\’\ ,\rb\ \(9’\ \,\’\
iteration
<% 6> AHgAR F7pA] ke 7
4 ai
. T

L
2
1)
_l
é
il
2
o
f
ol
—\~
_‘:ﬁ,

AN, A48 wAE e AT5S U



2

I

]
ZS|

]3]
Jon
tol
~

st=APNSs| 2006 =EHSSs =3

olr

goh

HE= oF 50 A X9 iterationo] &

adn 27 AAdud w2 FAdgE A

o
]
o
(<0
32

Foact.

S. Pfletschinger, G. Munz, and .
Speidel, Efficient subcarrier allocation
for multiple access in OFDM systems,
7th Inter. OFDM-Workshop, Hamburg,
pp. 21-25, Sep. 2002.

M. Ergen, S. Coleri, and P. Varaiya,

QoS aware adaptive resource allocation

techniques for fair scheduling in
OFDMA based broadband wireless
access systems, [EEE Trans. on

Broadcasting, vol. 49, no. 4, pp. 362-
370, 2003

J. Jang, K.B. Lee, and Y.H. Lee,
Transmit power and bit allocations for
OFDM systems in a fading channel,
Proc. of [EEE GLOBECOM, Dec. 2003.
H. Kim, Y. Han, and J. Koo, Optimal
subchannel scheme in
OFDMA systems, of
Vehicular Tech. Conf., vol.3 pp.1821-
1825, 2004.

allocation

multicell Froc.

D. Kivanc, G.Lj, and H.Liu,
Computationally efficient bandwidth
allocation and power control for
OFDMA, [EEE Trans. on Wireless
Communications. Vol. 2, no. 6, pp.

1150-1158, 2003.

G. Li and H. Liu, Optimal subchannel
allocation scheme in multicell OFDMA
systems, working paper

G. Li and H. Liu, Dynamic resource
allocation with finite buffer constraint in
broadband OFDMA networks, [EEE
Wireless Comm. and Networking, v. 2,
pp. 1037-1042, March 2003.

S. Pietrzyk and G. JM. Janssen,

fir
HO

Multiuser subcarrier allocation for QoS
provision in the OFDMA systems, Froc.
of Vehicular Tech. Conf., vol. 2, pp.
1077-1081, 2002.

W.
capacity of multiuser OFDM system

Rhee and J.M. Cioffi, Increase in

using dynamic subchannel allocation,
Proc. of Vehicular Tech. Conf., vol. 2,
pp.1085-1089, 2000.

Z. Shen, J. G. Andrews, B. L. Evans,

Adaptive Resource  Allocation in
Multiuser OFDM Systems with
Proportional Fairness, To appear in
[EEE  Transactions  on Wireless
Communications.

C.Y. Wong, R.S. Cheng, K.B. Lataief,
and R.D. March, Multiuser OFDM with
adaptive bit
allocation, /EEE JSAC, vol. 17, no. 10,
pp. 1747-1757, 1999.

H. Yin, H. Liu, An efficient multiuser
loading OFDM-based
broadband systems,
Globecomm, San Francisco, USA, 2000.
S. Seong, M. Mohseni, and J. M. Cioffi,
Optimal
OFDMA Downlink Systems, /5/7, 2006
Stephen Boyd, Lin Xiao,

subcarrier, and power

algorithm for

wireless

Resource  Allocation  for
and Almir
Methods,
Stanford University Lecture note, 2003
C. Mohanram, S. Bhashyam, A Sub-

optimal

Mutapcic, Subgradient

Joint Subcarrier and Power
Algorithm Multiuser

[EEE

Allocation for
OFDM,
Communications Letters.

G. Li and H. Liu, On the Optimality of
the OFDMA Network,

AJAY, ol &+, A

gt o}z AH-8-2 OFDM

15| =il
= =

submitted to

working paper.
ZRIORYE AHE
Al Z=glo] A o] A
H Eghd W,
Telecommunication Review, #1273 4%,
2002

J. Gross, H. Karl, et al., Comparison of



heuristic and optimal subcarrier
assignment algorithm, Proc. of Wireless
Networks, pp. 249-255, 2003



	MAIN



